We studied discrete and quantitative data from 88 specimens of the subgenus Mimon previously identified as Mimon bennettii (Gray, 1838) and M. cozumelae Goldman, 1914 from diverse parts of their range. Our data indicate that specimens of Mimon bennetii in Brazil presented geographic variation in morphometrical characters and mosaic variation in qualitative traits. Specimens from the Cerrado biome collected in Brazilian states like Piaui, Tocantins, and Goiás have longer forearms than those distributed in the Atlantic and Amazon forested domains. Based on morphometrics, as showed by t-tests, specimens of M. bennettii from the Brazilian Cerrado resemble phenetically more with M. cozumelae than the M. bennettii from Atlantic Forest. Characters presently used to diagnosis M. cozumelae also were also recorded to M. bennettii in diverse parts of Brazil, making that validity of M. cozumelae questionable based on this kind of traits. This research also updated the geographic distribution to the M. bennettii in Brazil.
The subgenus Mimon (Mimon) Gray, 1847 is taxonomically controversial because authors have recognized one species to the subgenus, Mimon bennettii (Gray, 1838) (SANBORN, 1941; GOODWIN, 1942a; HERSHKOVITZ, 1951; KOOPMAN, 1993; ORTEGA & ARITA, 1997) , or two species, M. bennettii and M. cozumelae Goldman, 1914 (DALQUEST, 1957 WINKELMANN, 1962; GARDNER et al., 1970; JONES & CARTER, 1979; SWANEPOEL & GENOWAYS, 1979; GENOWAYS et al., 1981; MCCARTHY, 1987; SIMMONS & VOSS 1998; SIMMONS, 2005; WILLIAMS & GENOWAYS, 2007) . A third viewpoint recognizes these two taxa at the subspecific level: M. b. bennettii and M. b. cozumelae (GOODWIN, 1942b; SCHALDACH, 1964) . This unsolved scenario is partially due the lack of a comprehensive analysis of variation along the whole range of distribution prior taxonomic decision as a consequence of scarce number of specimens from South America available in collections. The lack of studies using chromosomes and no molecular analysis addressed to solve the taxonomy must be noteworthy. Additionally, the geographical distribution of M. bennettii is imprecise.
Mimon bennettii was described based on material collected in South America. Subsequently, HERSHKOVITZ (1951) restricted the type-locality to Ypanema (presently, Ipanema farm, municipality of Bacaetaba), a locality inserted within the Atlantic Forest domain, in the southeastern of state of São Paulo, Southeastern Brazil. This restriction was based on a record of THOMAS (1902) . Scarcity and widespread housing of specimens in South American collections lead to imprecise limits of M. bennettii in that continent (see map in WILLIAMS & GENOWAYS, 2007) . Even in Central America, the records of Mimon are scarce, excepting to Belize and Mexico.
Mimon cozumelae occurs from Mexico to southern Central America reaching Costa Rica and Colombia; its type-locality in Isla Cozumel, Mexico. GOLDMAN (1914) based on the larger dimensions of both forearm and skull, and on the paler and brownish dorsal pelage coloration in M. cozumelae as diagnostic characters to distinguish the species of M. bennettii. Indeed, all these attributes can be noted in holotype and paratypes of M. cozumelae.
Some authors for long have argued pro validity of two species for the subgenus Mimon and they have tentatively defended the position throughout different arguments, but mostly based on morphology in complement with those presented by GOLDMAN (1914) (DALQUEST, 1957; CARTER et al., 1966; GENOWAYS et al., 1981; SIMMONS & VOSS, 1998) . However, much of these characters, particularly body dimension, are questionable to support the validity for M. cozumelae. For example, M. cozumelae is known to have larger dimensions of forearm and skull, but many specimens of M. bennettii from Brazil presented dimension similar or larger than those of M. cozumelae (JONES & CARTER, 1979) . Recognizing of both species is upheld by the karyological differences (BAKER et al., 1981) , dentition and mesopterygoid fossa morphologies (SIMMONS & VOSS, 1998; WILLIAMS & GENOWAYS, 2007) . DÍAZ et al. (1986) reported both taxa for Colombia, where M. cozumelae occurs at northern and M. bennettii is restricted to the Sierra de La Macarena. This would be a good condition (geographical proximity) to compare and define both taxa, but DÍAZ et al. (1986) unfortunately did not discuss the procedures to identify the specimens neither gave any diagnostic characters used for. Recently, SIMMONS & VOSS (1998) added many morphological characters beyond those previously presented in literature to contribute with the recognition of both species. Mimon bennettii would be easily distinguished from M. cozumelae as summarized: 1) lighter pelage brown-reddish in adults (dark brown in M. cozumelae); 2) dark wingtip (white in M. cozumelae); 3) pointed inner upper incisors (spatulated in M. cozumelae); 4) narrowed lower incisors at the distal tips (larger lower incisors in M. cozumelae); 5) large talonid on third lower molar (narrow in M. cozumelae); and 6) posterior edge of palate U-shaped rather than V-shaped as in M. cozumelae. In addition, SIMMONS & VOSS (1998) said that M. bennettii present body dimensions slightly smaller than M. cozumelae, although some overlap can occur. Authors had few specimens of M. bennettii from South American neglecting the variation presented there.
During the last two decades zoological material collected in central-western and northeastern Brazil (states of Piauí, Tocantins, and Goiás -Cerrado biome), southeastern Brazil (states of São Paulo, Espírito Santo and Rio de Janeiro -Atlantic Forest biome), and more recently in the state of Amapá (Amazon biome), resulted in the collection of appreciable number of specimens identified as M. bennettii. We detected variation in morphological traits, most geographically related. Thus, this report has as objectives 1) the study of morphological variation in M. bennettii along its distribution based on qualitative traits and morphometry, and 2) update the distribution with new records in Brazil. There were analyzed morphology of pelage, wing and skull. For the morphometrical study the following measurements were taken: 1) forearm length (FA), 2) greatest length of skull (GLS), 3) condyle-incisive length (CIL), 4) zigomatic breadth (ZIB), 5) braincase breadth (BB), 6) maxillary canine-incisive length (C-M), and 7) mandibular length (MAL). Definitions of measurements followed the KALKO & HANDLEY (1994) methodology. Samples of M. bennettii were grouped considering the proximity of the localities, similarities in relief and phytophysionomy of them, and the latitude. The clustered units were 1) southern São Paulo, Brazil (Atlantic forest biome); 2) eastern Bahia, Brazil (Atlantic forest biome); 3) Goiás, Brazil (Cerrado biome); 4) southern Piauí, Brazil (Cerrado biome); 5) Amapá, Brazil (Amazonian forest biome); and 6) Guianas (Amazonian Forest biome). For comparison, Mexican and Central American samples of M. cozumelae were also studied. Grouping procedure was necessary in order to permit the application of statistical tests. The t-test (ZAR, 1999) was applied with probability (p) ≤ 0.05 in order to compare among samples along the previously established north-south track, from Mexico to state of São Paulo, Brazil. For some populations with enough sampling the t-test was used for sexual dimorphism. There were applied the Principal Component Analysis (PCA) in order to study the morphometrical variation considering males and females separately. Some specimens studied were not included in PCA analysis because some skulls were damaged. All statistical analyses were performed using Statistica 6.0 (Statsoft, 2001) . (CHEREM et al., 2004) , Mambaí, state of Goiás, (ESBÉRARD et al., 2005) , and some localities in the state of Amapá (MARTINS et al., 2006) . Record to Corumbá needs further verification about the identity of species, and information about Itacarambi, located in the north of Minas Gerais as mentioned for ESBÉRARD et al. (2005, tab. 4 ) is misunderstood. Our new records from states of Bahia, Goiás, and Piauí extend the distribution of the species to the northeastern and central-western regions of Brazil, and indicate that M. bennettii also occurs in drier habitats such as the Cerrado and the transitional vegetation between the Cerrado and the Caatinga, areas not mapped by WILLIAMS & GENOWYAS (2007) .
MATERIAL AND METHODS

RESULTS AND DISCUSSION
REID (1997) considered only one species for the subgenus Mimon and mentioned that M. bennettii habits the lowland in Central America and Mexico. In contrast, specimens of M. bennettii from state of Piauí and several portions of the Atlantic Forest were captured in areas up 1,000 m high. Specimens from Bahia deserve special attention, because that state encompasses several biomes (e. g., Caatinga, Cerrado, and Atlantic Forest). The material from Bahia was collected by B. Bicego, who indicated the locality as "Baia", more precisely Salvador, in the Atlantic Forest, as recently proposed . Records of M. bennettii in other parts of South America include the southeastern Colombia (DÍAZ et al., 1986; MONTENEGRO & ROMERO-RUIZ, 1999; ALBERICO et al., 2000) , eastern Venezuela (MOLINA et al., 1995) , Guiana (SMITH & KERRY, 1996; LIM & ENGSTROM, 2001) , French Guiana (BROSSET & CHARLES-DOMINIQUE, 1990; SIMMONS & VOSS, 1998) , and northern Suriname (HUSSON, 1962; GENOWAYS et al., 1981) (Fig. 1) . Mimon bennettii was reported to northern Venezuela (ALLEN, 1911; EISENBERG, 1989) and Río Mavaca, Amazonas, published in MOLINA et al. (1995) . Thus, M. bennettii presently is restricted to South America, and Mimon cozumelae is known from southern Mexico to Colombia (SIMMONS, 2005; WILLIAMS & GENOWAYS, 2007) .
In that context, we emphasize that two specimens from Bocas del Toro, Panama (USNM 315220 and 315221), presented reddish-brown coloration in pelage as described for M. bennettii from southeastern Brazil, but in PCA analysis (see below) the specimen USNM 315221 is plotted close to the specimens of M. cozumelae. Curiously, the specimen from Panama was identified by Dr. Charles Handley as M. bennettii throughout comparison with the holotype of that species housed at the British Museum, as noted for himself on the tag of USNM specimen. On the other hand, one adult male specimen of M. cozumelae from Colombia was identified based on forearm as long as 56.5 mm (MARINKELLE & CADENA, 1972) . This dimension of forearm overlaps with variation of M. bennettii and not M. cozumelae (JONES & CARTER, 1979, and Tab. I) . These data show a confused scenario in identifying both taxa and their geographical limits when both species are assumed be valid and altough morphometrical data were used to diagnostic them.
Qualitative morphological analysis. Pelage and wingtip coloration -Adult specimens of M. bennettii from states of Minas Gerais (USNM 391027) and São Paulo (DZRP 13549, 13552-57, 14374-75, 15673; MZSP 30900, 30902, 31727-28) have pale brown pelage dorsally, with the tip of hairs rusty brown and about 3/4 of the hair dirty white or slightly grayish at the base. The hairs on the lumbar region are monochromatic pale brown. This coloration is similar to that described by SIMMONS & VOSS (1998) to identify M. cozumelae. Juvenile specimen from Ipanema farm, state of São Paulo (USNM 123393), it has dark dorsal pelage coloration with grayish rues. Variation in pelage coloration, whether grayish or brownish, may be related to age or to individual variation, rather than the geographical or taxonomic differences. However the Table I . Results of the descriptive statistics for males of Mimon bennettii (Gray, 1838) and M. cozumelae Goldman, 1914 (with asterisks) of seven sample series studied including mean and standard deviation (upper line), and minimum, maximum, and number of specimens (n) (bottom line). All measurements are given in millimeters (mm).
Variables
Mexico 13.8 ± 0.3 13.9 ± 0.0 13.8 13.0 ± 0.3 13. 6 ± 0.4 13.3 13.3 ± 0.2 (13.4-14.3) 10 (13.9-13.9) 2 (12.6-13.4) 4 (13.3-14.2) 4 (13.0-13.5) 4 BB 10.0 ± 0.3 10.1 9.7 9.6 ± 0.1 10.0 ± 0.2 9.6 ± 0.2 (9.5-10.8) 10 (9.5-9.7) 4 (9.7-10.2) 4 (9.3-9.8) 5 C-M 9.4 ± 0.1 9.4 9.4 ± 0.2 8.9 ± 0.6 9.1 9.0 ± 0.2 (9.1-9.6) 11 (9.3-9.7) 4 (8.1-9.4) 4 (8. characterization of more specimens is necessary to define the degree of variation in dorsal pelage of M. bennettii. All specimens from Bahia and São Paulo have white wingtips (MZSP 16321, 16323-24; MZSP 30900, 30902) whereas specimens from other places studied in this research showed black wingtips. Two specimens collected in same site in the state of Amapá (IEPA 98 and 115), both identified as M. bennettii based on forearm length, presented variation, one with white wingtips while the other one showed dark wingtips.
Skull. There were studied variation in palate morphology in twenty-two skulls of M. bennettii from central, northeastern and eastern Brazil (states of São Paulo, Goiás, Bahia, Espírito Santo, and Piauí) with special attention to the shape of posterior border of palate, whether U or V-shaped. SIMMONS & VOSS (1998) (CARTER et al., 1966); 53, Teaba, Tabaco (WILKEMAN, 1962); 54, Matias Romero, Oaxaca; 55, Pisté, Tixpehual (includes Constitucion, Campeche -JONES et al., 1973); 56, Tekom, Yucatan; 57, Santa Elena, Yucatan; 58, Calcehtok, Yucatan (JONES et al., 1973) ; 59, Izamal; 60, Isla Cozumel (type-locality of M. cozumelae).
16946; MNRJ 36387, 36872) and twelve individuals presented V-shaped ones (e. g., DZRP 16943, 13553-54, 14901; PMU 1306 PMU , 2934 . We concluded that shape of posterior edge of palate may be attributed to individual variation rather than to taxonomic or geographically ones, since variation was widespread in all Brazilian samples. We also examined 62 skulls to study variation of inner upper incisors morphology, as it was indicated as another useful character to distinguish both species by SIMMONS & VOSS (1998) . Most specimens (fifty) from diverse localities in Central and South America had spatulate inner upper incisors, while twelve had inner upper incisors tapered shape as defined by SIMMONS & VOSS (1998) . Specimens from eastern Brazil presented both conditions of upper incisors revealing the polymorphism in this character. Also, differences in talonid on molar as used for SIMMONS & VOSS (1998) were not substantial to distinguish M. cozumelae and M. bennettii because the dimensions of that region are similar in both taxa.
Morphometrical characters. We applied t-test to three samples, including two of M. bennettii (states of Piauí and São Paulo, Brazil) and one of M. cozumelae (Mexico), in order to test any level for sexual differences, noting that samples are scarce to a definitive position of this concerning. Only specimens from São Paulo had significant sexual differences with females larger than the males: forearm length (p = 0.015), greatest length of skull (p = 0.015), condyle-incisive length (p = 0.011), length of maxillary toothrow (p = 0.028), and length of mandible (p = 0.001). Therefore, analyses were conducted considering males and females separately.
Data of the descriptive statistical analysis of selected samples in a north-south track are plotted on the tables I and II. Results showed that specimens from Piauí (M. aff. bennettii) had the largest forearm measurements, while specimens from Mexico (typical M. cozumelae) have largest skulls. The t-tests for four samples are summarized in the tables III and IV. Males and females from Piauí differ in four and two variables, respectively, from specimens from São Paulo. Furthermore, the samples of Goiás differs in body dimensions when compared to Piauí and São Paulo samples, being slightly smaller than the earlier and larger than the second one.
Specimens from central-western (Goiás) and northeastern Brazil (Piauí) were biometrically different from the Mexican samples in both sex. Data indicate that central-western and northeastern Brazilian specimens, mainly from the state of Piauí, comprise a peculiar morphological sizerelated population.
We included specimens previously identified as M. bennettii and M. cozumelae in our PCA analysis. In males, factor 1 was responsible for 65.4% of variation (CIL = 0.216; GLS = 0.209; MAL = 0.203) and factor 2 comprises 15.8% (FA = 0.668; ZIB = 0.307) (Fig. 2) , with two first components responsible for 81.2% of total variation. Distribution of the plots represented by specimens from states of Goiás and Piauí are clustered separately of another plots (representing formally M. bennettii and M. cozumelae) by the factor 2 as showed at the fig. 2 . The length of forearm was the main responsible for the subdivision into two distinct groups in the plot of first and second components. First factor separates M. cozumelae (squares) of M. bennettii from Amazonian and Atlantic forests (triangles). Curiously, one specimen on the left of the graph (USNM 315221 -from Panama) previously identified as M. bennettii by its pelage is clustered with M. cozumelae (see discussion above). The same is applied to a specimen from Juquitiba (MZSP 30900), a place near of the type-locality of M. bennettii, because it had a long forearm (57.05 mm), and was placed together with the samples from Piauí. Discriminant analysis indicates that specimens identified as M. cozumelae are distinct of the South American specimens (from samples of Amazonian and Atlantic forest p-level = 0.00018; from samples collected in the states of Goiás and Piauí p-level = 0.00001). Samples from states of Goiás and Piauí are slightly distinct from samples obtained in Atlantic and Amazonian forest (p-level = (0.051).
In the PCA for females (Fig. 3) , factor 1 was responsible for 59.3% of the variation (CIL = 0.22; ZIB = 0.21; C-M = 0.2; MAL = 0.19) while factor 2 was responsible for 17.7 % of variation (FA = 0.79). Both factors were responsible for 76.9 % of total variation. Results of the PCA for females were inconsistent compared for males, because discriminant analysis indicated no significance among the samples. P-level comparing samples of M. cozumelae with samples from Brazilian states of Goiás and Piauí, and samples from Amazonian and Atlantic forests were, respectively, 0.77 and 0.5. Comparison of last two samples (states of Goiás and Piauí x Amazonian and Atlantic forests) had p-level of 0.14. However, like in males, specimens from Panama and Colombia were plotted together with specimens from Mexico and Belize (M. cozumelae).
Distinction among Brazilian Cerrado specimens and the validation of M. cozumelae. We concluded that Mimon cozumelae is not morphologically easy to separate from M. bennettii based solely on qualitative characters presently used (e. g., MCCARTHY, 1987; SIMMONS & VOSS, 1998; WILLIAMS & GENOWAYS, 2007) , although PCA analysis showed that males from Mexico, Belize, and Panama are morphometricaly distinct from South American specimens. This morphometrical distinctiveness in addition with the karyological data (BAKER et al., 1981) may to support the validation of M. cozumelae. For the description of M. cozumelae, GOLDMAN (1914) compared adult specimens from Cozumel Island, Mexico, with only one subadult specimen from Ipanema, São Paulo, Southeastern Brazil (representing M. bennettii) . In that time, validity of the new species seemed obvious, because specimens from Mexico were larger in body and skull dimensions, and the pelage was further red and light than that specimen from São Paulo. Also, both taxa presented, in that time, a large distributional gap of some thousands of kilometers through northern South America and whole Central America. However, as previously reported, the smaller size and darker pelage of the specimen of M. bennettii from Brazil that GOLDMAN (1914) considered for comparison was based on a subadult. Adult specimens of M. bennettii from southern, central and northeastern Brazil studied here presented pelage coloration similar to those specimens from Mexico and Belize, in which GOODMAN (1914) used for his description of M. cozumelae. Also, new records have reduced the distributional gap between northernmost (Mexico) and southernmost (southern and southeastern Brazil) records for Mimon. Fig. 1 for the geographical account. The characters presented by SIMMONS & VOSS (1998) to separate M. cozumelae and M. bennettii also showed variation in many specimens from Mexico and mainly in Brazil, including those from the southeastern were the type-locality of M. bennettii is situated.
Specimens from central-western and northeastern Brazil presented the longest forearm length (Tabs. I and II) in South America and there is no sexual differentiation based on scarce available samples. In contrast, specimens from São Paulo, formerly representing the typical M. bennettii, presented a significant sexual differentiation (females are bigger than males in most measurements) and they also have the shortest length of forearm. Specimens from Guianas and Brazilian state of Amapá presented dimensions of forearm like those recorded from São Paulo, but we were unable to test the sexual variation of them. Descriptive statistics revealed (Tabs. I-IV) that the greatest variation in South American samples is restricted to the forearm length. Although small samples were studied, this variation might be habitat-related as a hypothesis to be tested in the future. Specimens from Guianas, and the Brazilian states like Amapá, Bahia, Espírito Santo, and São Paulo inhabit evergreen tropical forest and they showed forearms around 51.0 -57.0 mm, with the average of 54.0 mm, whereas individuals from states of Piauí and Goiás were collected in the Cerrado biome, and trend to present longer forearm about 54.7 -59.0 mm. Thus, our data suggest that there may have a correlation between the length of the forearm and the use of habitat, where bats flying in more open vegetation, as Cerrado, in comparison with Atlantic Forest, trend to have wider wingspans.
The Cerrado and Caatinga biomes of Brazil have long been considered areas with low mammalian endemism, particularly when compared to Atlantic and Amazonian forests (MARINHO-FILHO et al., 1994) . However, in last five years one new bat genus and at least three species have been described for these biomes (GREGORIN & DITCHFIELD, 2005; GREGORIN et al., 2006; V. TADDEI, pers. com.) , indicating that, at least from the bat fauna perspective, this diversity is underestimated. The large dimensions of specimens of M. bennettii from Piauí and Goiás deserve special attention, and studies of additional samples and data (e. g., molecular analysis) are recommended to define the taxonomy of subgenus Mimon in South America.
